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Analytical Methods
Introduction
In recent years, the chromatographic fingerprinting technique has been used as a tool for metabolic profiling of natural products, as well as for identification and quality control of herbal medicines. This technique is recommended by both the Food and Drug Administration (FDA) 1 and the European Medicines Agency (EMEA) 2 to assess the consistency of botanical drugs. The World Health Organization (WHO) accepts fingerprint chromatography for identification and quality evaluation techniques of herbal medicines 3 . The quality of a chromatographic fingerprint is highly dependent on the degree of chromatographic separation and the concentration distribution of all the chemical components in herbal medicines. Multivariate optimization results in improved resolution of these concentration distributions while chemometric data analysis facilitates searching among many spectral profiles.
Although thin layer chromatography (TLC), high performance liquid chromatography (HPLC), and high performance capillary electrophoresis 4 , have been widely used for screening active components, little attention has been paid to open column chromatography. Open column chromatography is still one of the most important operations carried out in natural products laboratories for isolating or searching for a given constituent. The separation normally involves four solvents and starts with a nonpolar solvent (or a minimum polarity solvent) with the polarity being gradually increased 5 using pure solvents or binary mixtures. Considering that the separation of sample components is governed to a large extent by the composition of the mobile phase, and that a single eluent or binary mixture may not be sufficient to separate and elute each compound of a given natural product, a specific separation strategy is necessary to 4 achieve this objective. Thus the choice of the appropriate mobile phases as well as the stationary phase is crucial for obtaining optimum separation conditions 6 .
In our previous work [7] [8] [9] [10] , a statistical mixture design approach has been used to efficiently optimize mobile phases in reverse-phase liquid chromatography (RP-HPLC).
Results showed that changes in the mobile phase proportions of the organic modifier, led to significant changes in separation selectivity. with the polarity being gradually increased until the last mobile phase, pure methanol.
Besides investigating the effect of polarity on system resolution the statistical design is efficient for optimizing the solvent proportions of the mixture providing a maximum of spectral information for the metabolic fingerprint.
Then k-means clustering is applied to the UV spectra of the open column fractions obtained from reversed phase high performance liquid chromatography coupled with photodiode array detection (RP-HPLC-DAD). Since such a huge number of spectra are produced complicating analysis, the k-means clustering method effectively screens them finding the subsets most promising for detailed study. In this way the diversity of chemical compounds is assessed while exploring the effects of each open column chromatographic mobile phase for fingerprint analysis in natural products. The method is not restricted to natural product fingerprint and compound identification but should be useful for screening other complex systems for quality control and other purposes.
Materials and Methods
Chemicals
HPLC grade acetonitrile and methanol were purchased from VETEC Química Fina (Rio de Janeiro, Brazil). Mobile phase mixture preparations were made using water prepared with the Millipore Milli-Q purification system (São Paulo, Brazil). Hexane, dichloromethane, ethyl acetate and methanol were also purchased from VETEC and were of analytical grade.
Plant material
Leaves of Bauhinia variegata were collected from Londrina State University. The 
Extract preparations and open column chromatography
B. variegata extract leaves were prepared by weighing about 20.00 g of dried leaves of a mixture obtained from a six month collection period and placed in contact with 100 mL cotton. This process was repeated six times, resulting in a total volume of 600 mL, which was taken to evaporation in a rotary evaporator (Fisatom, São Paulo, Brasil) at 50 °C ± 3 °C. After evaporation of the solvent mixture, the extracts were placed in amber vials and stored at room temperature.
A 2 g extract, was placed on top of a (30×2.5 cm) silica gel chromatographic column.
The extract was eluted using mixtures of the statistical design 12 given in Figure 1 
HPLC analysis
Extract solutions of each of the discriminated TLC fractions were subjected to RP-HPLC 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Chemometric methods
Chemometric methods comprise a group of statistical, mathematical and graphical techniques that analyze many variables simultaneously. The discussion below summarizes the methods used here.
In Hierarchical Cluster Analysis (HCA) the goal is to find an optimal grouping for which the observations or objects within each cluster are similar, but different clusters are characterized by dissimilar objects 13 . Hierarchical clustering, in which clusters are formed sequentially, is the most common approach. The most similar objects are grouped first and these initial clusters are merged according to their similarities. In cluster 
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analysis, neither the number of clusters nor the clusters themselves are known in advance.
The similarity or dissimilarity between objects is usually represented in a dendrogram for ease of interpretation. Different approaches to measuring distance between clusters give rise to different hierarchical methods. In this work Ward's procedure 13 was used to establish clusters.
The K-means method is a non-hierarchical clustering technique that partitions n observations into k clusters so that each observation belongs to the cluster with the nearest mean 13 . This can be done by minimizing the within-cluster sum of squares. It requires the user to pre-specify the number of clusters present in the data set although there is no a priori mathematical procedure to determine this number. Hence the requirement for pre-specifying the number of clusters is its major drawback. However the user can compare results obtained assuming different numbers of clusters, choosing the one providing the most useful information for his or her purposes.
Results and discussion
The twenty eight mixtures (open column chromatography mobile phases) were prepared according to the statistical mixture design in Figure 1 and applied in the elution order of increasing polarity from pure hexane to pure methanol as shown in Table 1 . During the open column chromatographic process 603 small portions were collected and then combined into 95 different fractions according to their TLC similarities. Table 1 contains the number of different fractions for each solvent mixture.
RP-HPLC-DAD mobile phase and spectral data were investigated to determine conditions providing significant information about the metabolite classes in each fraction. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Hierarchical cluster analysis (HCA) performed with Ward's agglomerative method was first used to group similar UV spectra and separate dissimilar ones. The clustering results indicated the existence of four to at least six different types of characteristic spectra depending on the selected linkage distance, with each cluster consisting of many small subclusters. Analyzing some of the spectra in each subcluster revealed the existence of many more than six different spectral groups complicating data analysis. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
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Considering the difficulty of directly observing the profiles of the spectra of each group, the k-means clustering method was finally used. K-means clustering was executed initially assuming 20 different clusters. Some of these clusters have very similar spectra and further clustering attempts permitted reducing the number of clusters to 17 different sets of spectral profiles for the 95 fractions. This method is most convenient in this study, because it provides the average spectral profile of each cluster furnishing important information for those with knowledge in the field of natural products 14 . Table 1 
The average spectra of the clusters shown in Figure 2b are discriminated from those in Figure 2a by strong absorbance bands in the 300-400 nm region. Strong absorption above 300 nm indicates the existence of a extended conjugated system such as condensed aromatics and condensed aromatics heterocyclic or their derivatives. These averages represent 134 individual spectra in clusters III, IV, VI, VIII, X, XIII and XVII or only 4.4% of all the DAD spectra. The last column in Table 1 nm (band I). Also these results are consistent with literature data for these plant species for which mainly flavones and flavonoids are found [19] [20] [21] [22] [23] [24] . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60
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The III, VIII and XVII clusters, containing 95 spectra, have absorbance bands in the 240-300 nm region that could indicate the presence of flavonol 3-O-glycosides. These bands are strongest in the seventeenth cluster and can be seen in Fig. 3 . Table 1 shows this composition is reasonble because 29 of the 32 spectra of cluster III were eluted by mobile phases without the presence of hexane. Furthermore the ternary mixture in equal proportions of these compounds extracts half of the peaks of cluster III. (25, 25, 25, 25) mixtures that provide the largest number of peaks for cluster XVII. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The data set treated here (matrix with 3033 x 211 dimensions) uses only spectral information to determine charcteristic spectral groups classified by k-means clustering and the number of chromatographic peaks belonging to each of these groups. In fact a more complete data set would include all the chromatographic elution information and not just the number of peaks. As such a 95x211x611 data cube, where each of the 95 chromatograms has m digitized peak heights as a function of retention time along with the 211 spectral intensities as a function of wavelength, could be analyzed using higher order techniques such as multivariate curve resolution-alternating least squares 25 , PARAFAC and Tucker3 methods 26, 27 providing potentially more valuable chemical information than that obtained here.
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